and Pb in the proximal femur bone tissue (cancellous and cortical bone) of 96 patients undergoing total hip replacement for osteoarthritis using ICP-AES and FAAS analytical techniques. The interdependencies among these elements and their correlations depended on factors including age, gender, place of residence, tobacco consumption, alcohol consumption, exposure to environmental pollution, physical activity, and type of degenerative change which were examined by statistical and chemometric methods. The factors that exerted the greatest influence on the elements in the femoral head and neck were tobacco smoking (higher Cr and Ni content in smokers), alcohol consumption (higher concentrations of Ni, Cu in people who consume alcohol), and gender (higher Cu, Zn, and Ni concentrations in men). The factors influencing Pb accumulation in bone tissue were tobacco, alcohol, gender, and age. In primary and secondary osteoarthritis of the hip, the content and interactions of elements are different (mainly those of Fe and Pb). There were no significant differences in the concentrations of elements in the femoral head and neck that could be attributed to residence or physical activity.
Introduction
Contaminated food, water, and air from industrial areas are the primary sources of metals in the human body [1] . Modern toxicology is dominated by issues related to exposure to chronic poisoning, which is associated with high levels of pollution [2] . Significant amounts of metals in the environment are the result of human activities; these metals participate in the metabolic processes of the body and pose serious threats to human and animal health. Interactions between elements may be either synergistic or antagonistic, causing deviations from their optimal range and resulting in secondary deficiency or toxicity [3, 4] . Bone tissue that exhibits slow remodelling reflects long-term exposure to metals and this can be used to indirectly assess the exposure to metals from the environment [5, 6] . Cancellous bone metabolism is more active than cortical bone and depends on many factors such as age, diet, and health status [7] .
Many elements have a significant impact on bone metabolism [6] . The literature includes many reports on the content and relationships of elements in bone; however they mainly focus on other types of bone such as the tibia, patella, ribs, vertebrae, or the bones of the skull [6, 8] .
The Role of Selected Metals in the Human Body. Zinc in cartilage and bone plays a role in growth and maturation and is involved in the hormonal regulation of intracellular signalling [9] . It has been proven that Zn deficiency leads to linear bone growth retardation, which is associated with dysfunction of growth hormone and insulin-like growth factor (IGF) dependent on the micronutrient [10] . Also, Zn has a powerful stimulating effect on osteoblasts, bone formation, and bone resorption by inhibiting the action of osteoclasts [11] . The expression of proteins that include Zn or play a role in its regulation, found in many cells of the connective tissue including osteoblast and osteocyte precursors, suggests an important role of the metal in the growth and maturation of bone [12] . Copper is a cofactor for lysyl oxidase, the enzyme responsible for the cross-linking of collagen fibres; disorders in the formation of crosslinks lead to a weakening of bone [13] . Copper deficiency leads to bone malformations during development, an increased risk of osteoporosis in the elderly. Some genetic diseases as Menkes syndrome and Wilson's disease are associated with severe Cu deficiency and severe Cu toxicity, respectively; they involve processes in the bone that involve Cu (osteomalacia, osteoporosis, and chondropathy) [14] . Copper also reduces the suppression of bone turnover by osteoblasts and osteoclasts [15] . An important role of Fe is its involvement in the formation of reactive oxygen species, which at low concentrations meets physiological demands, but, at higher concentrations, it is toxic to cells, causing their destruction [4, 16, 17] . The role of Fe in the bone tissue is not well understood. Iron is involved in the synthesis of collagen and the conversion of 25-hydroxy vitamin D to its active form. The Fe is necessary for the proper functioning of osteoblasts and excess Fe in osteoblasts may lead to metabolic bone disorders (osteoporosis, osteopenia, and osteomalacia) [13] . Strontium accumulates in bones and teeth (99%), but its effect on these tissues is not completely understood [18] . It has been shown that the effect of Sr is dose dependent. Low doses can stimulate bone formation (by stimulating the differentiation of osteoblasts) and increase bone density (which increases the synthesis of collagen and non-collagenous proteins). It increases the rate of bone mineralization and strength (often replacing calcium in the structure), the extension of the crystal lattice, and the solubility of crystalline embryos and decreases the rate of resorption (inhibiting osteoclast differentiation) [16, 19] . High doses of Sr may cause impaired mineralization and bone deformities due to abnormal calcium and phosphate metabolism [16] . Molybdenum in the human body accumulates in the liver, kidneys, bones, and teeth [20] An excess of Mo is toxic and causes bone deformities similar to the changes occurring in the rheumatoid arthritis, tooth decay, and disorders of lipid and protein [4] . Chromium builds stable complexes with proteins and has the ability to precipitate proteins, resulting in negative effects on the skin and mucous membranes. Allergy to chromium compounds is a common cause of eczema, characterized by oedema of the eyelids, blushing nettle, oedematous papules, and exudate on the face, neck, forearms, arms, hands, and fingers [4] . The role of nickel in the physiology of the human body is not well understood. In humans, Ni deficiency causes a decrease in oxygen consumption and an increase in the accumulation of liver fats. This occurs mainly in soft tissues, although its presence and influence in bone metabolism have also been confirmed [4, 16, 21, 22] . Barium is not metabolized by the body, but it can be transported or metabolically incorporated into tissue complexes. Toxic effects are associated with impaired digestive and respiratory systems, as well as the inhibition of bone mineralization [16] . Lead has the ability to accumulate in the body, mainly in the liver, brain, kidneys, muscles, and bones. Most (90-95%) Pb accumulates in the bone tissue, where it is deposited in an exchange of Ca 2+ ions in biological processes mainly in the less metabolically active cortical bone. Resorbed Pb is present in the body in two pools: quick change (blood, soft tissue), where it produces acute effects and slow change (bone), which is metabolically inactive. Pb leads to a decrease in bone mineral density, which is manifested by a greater susceptibility to fractures and bone healing disorders. This is done by altering the metabolism of osteoblasts and osteoclasts, reducing the production of stem cells, osteoblasts, and disorders of calcium homeostasis. The effects on bone cells may be direct (decrease activity of osteoclasts and osteoblasts) or indirect (disturbances in the metabolism of 1.25-dihydroxyvitamin D and parathyroid hormone (PTH)). Lead also competes with the metal binding sites on enzymes, which are cofactors, with zinc in porphobilinogen synthesis or proteins, and with iron in the transfer [23, 24] .
The main aim of this study was to determine the concentration of Ca, Mg, P, Na, K, Zn, Cu, Fe, Mo, Cr, Ni, Ba, Sr, and Pb in the proximal femoral head (cancellous bone) and femoral neck (cortical bone) of the hip joint affected by osteoarthritis. The present study was conducted to assess differences between the concentrations of metals in the femoral head and neck, according to sex, and also to examine, by statistical and chemometric analysis, a possible correlation between various factors, including: age, place of residence, tobacco consumption, alcohol consumption, contact with chemicals, and the content of elements in the femoral bone. The flame atomic absorption spectrometry (FAAS) and inductively coupled plasma emission spectrometry (ICP-AES) analytical techniques were applied for the determination of elemental metals in bone samples.
Materials and Methods

Ethics Statement.
The use of femoral heads in the investigations was permitted by the Bioethical Committee of the University of Medical Sciences in Poznan (Poland) (Permit number: 172/4) and all patients provided written informed consent prior to participation.
2.2.
Patients. The sample consisted of 96 patients who were operated on for total hip replacement (THR). All patients lived in the Wielkopolska region of Poland. A history of the disease did not affect the outcome of the study. There is no major industry concentration in this region. Table 1 shows the characteristics of patients enrolled in the study, with particular emphasis on factors that possibly affect the concentration of selected metals in the femoral bone.
Characterization and Sampling of Femoral Bone Samples.
All of the femoral heads were acquired intraoperatively from the patients undergoing total hip arthroplasty for osteoarthritis of the hip. In the total hip replacement procedure, a metal ball replaces the worn head of the thigh bone and a cup (often plastic) replaces the worn socket. The shape of the examined proximal ends of the femurs had been changed by the degenerative process. Femoral heads were flattened and bony excrescences could be observed at the head/neck border. Bone tissue condensation at the superolateral part of the femoral head and cysts in femoral head and neck were present. Articular surfaces exhibited defects that were accentuated at the loading area. Articular cartilage was pathologically changed, softened, and disintegrated, with areas of local destruction due to subchondral congestion and blood vessel infiltration. Directly after acquisition, the spongiest bone was separated from the femoral heads under sterile conditions. Samples were cut from the head and neck of the femur. In the case of the femoral neck, samples were collected with a patch section thickness of 1-2 mm and the 5 mm slice was taken in the shape of a triangle.
Bone Preparation and Determination the Elemental Metals in Samples.
The frozen bone samples were freeze-dried using a Lyovac lyophilizer GT2e (Steris, Germany) for 24 hours. After drying, approximately 0.5 g of the sample was weighed and placed in a Teflon bomb Mars 5 Xpress microwave oven (CEM, USA). A 10 mL volume of suprapure nitric acid (V) (Merck, Germany) was added. The prepared samples were allowed to stand for 8 hours to slow mineralization. The samples were then mineralized in a microwave oven using a modified EPA method 3051. After cooling, the samples were placed into flasks and filled to 50 mL with demineralized water. The concentrations of Mo, Cr, Zn, Pb, Cu, Ni, Fe, Mg, P, and Ca were determined using ICP-AES Jobin Yvon, 170Ultrace (Jobin Yvon, France) with laterally viewed plasma. The samples were nebulized using a concentric Meinhard nebulizer. The concentrations of Na and K were determined using the Shimadzu AA-7000 Flame AAS analytical technique (Shimadzu, Japan). The accuracy of the procedure was verified by analysis of NIST CRM 1400 (Bone Ash) by both analytical techniques. The recoveries for analysed elements varied from 94.6% to 109%. The limits of detection (LOD) are as follows: Mo < 0.36 mg/kg; Cr < 0.24 mg/kg; Zn < 0.2 mg/kg; Pb < 0.63 mg/kg; Cu < 0.2 mg/kg; Ni < 0.6 mg/kg; Fe < 0.3 mg/kg; Mg < 0.1 mg/kg; P < 1.0 mg/kg; Ca < 0.1 mg/kg; Na < 0.04 mg/kg; K < 0.6 mg/kg. For statistical and chemometrics analysis, a half value of LOD was used.
Statistical and Chemometrics
Analysis. The analysis used Statistica 7.0 (StatSoft) software. To determine compliance with the expected normal distribution of results, we used a Shapiro-Wilk test ( < 0.05). To compare the impact of various environmental factors on the concentration of analysed metals in the bone we used a Kruskal-Wallis test, and, in the case of significant differences, a Mann-Whitney -test was performed ( < 0.05). In addition, we determined the Spearman's rank correlation between trace elements occurring in the materials and between the different studied metals in different parts of the hip joint (cortical bone, neck, cancellous bone, head). Principal Component Analysis was used to calculate significant explanatory factor scores for each lake using all physical and chemical variables independently. The environmental factor scores, biomass estimates, and biological variables were compared using correlation analysis.
Results and Discussion
It is becoming increasingly important to assess the risk to bone tissue from exposure to metals of environmental and occupational origin [25] . The processes of bone remodelling are active throughout the lifespan and therefore can be an indicator of metal accumulation in bone tissue from longterm chronic exposure. The toxic effects may be revealed after many years of exposure or may appear suddenly. Metals may replace other elements necessary for normal metabolism, disrupting a number of processes that depend on the internal equilibrium system [26, 27] . The largest number of essential correlations between the studied elements occurred in the trabecular bone, followed by cortical bone, and the least number was in the articular cartilage [28] . The trace elements are concentrated in some tissues and organs; their distribution depends on their condition, age, and individual hereditary properties [29, 30] . The results of the content of the 14 elements in samples of the cancellous and cortical bone of the femur are presented in Table 2 . In addition, for the examined group of elements, BioMed Research International 5 we verified the type of distribution, using the Shapiro-Wilk test. For each element, we also applied the Mann-Whitney -test to determine the significance of difference in the concentrations of elements between the femoral neck and head.
In the case of calcium, the content (as a median value) in the femoral head and neck was 130 g/kg and 153 g/kg, respectively. The obtained concentrations of calcium were much higher in comparison to the report of Kuo et al. [29] , in which the concentration of Ca was 82 g/kg in cancellous bone. The phosphorus content in the femoral head and neck was 59 g/kg and 69 g/kg, respectively. The mean content of phosphorus in cancellous bone was comparable to those obtained by Zaichick [31] , where the concentration of P was 56 g/kg. The concentration of phosphorus in cortical bone was much lower in comparison with Zaichick [31] , where the concentration of P was 107 g/kg. The content of magnesium in the femoral head and neck was 1381.2 mg/kg and 1595.3 mg/kg, respectively. The mean content of magnesium was compared to that obtained by Brodziak-Dopierała et al. [28] , where the concentration of Mg was 1650.85 mg/kg and 1376.14 mg/kg, respectively. In our study, the content of Mg was higher in cortical bones than in cancellous bone. The median Na and K contents in the femoral head and neck were 5428.6 mg/kg, 4662.1 mg/kg and 679.3 mg/kg, 647.1 mg/kg, respectively. These were comparable to those reported by Brodziak-Dopierała et al. [28] , where the concentrations of Na were 4745.47 mg/kg and 6790.35 mg/kg, respectively, and the concentrations of K were 828.80 mg/kg and 767.11 mg/kg, respectively, in the femoral head and neck. Regarding Zn, Kuo et al. [29] and Darrah [32] found that the content of metal is higher than 100 mg/kg, while in the Polish studies the content of metal was lower (61.48-94.72 mg/kg) [28, 33, 34] . In our research, the content of Zn was approximately 70 mg/kg. The median copper content in the femoral head and neck was 0.83 mg/kg and 0.72 mg/kg, respectively. The mean concentration of copper in the femur was comparable to the results obtained in cancellous bone by Lanocha et al. [33] 0.67 mg/kg and Jurkiewicz et al. [34] 0.79 mg/kg. The median iron content in the femur was 91 mg/kg, which was much higher in comparison with Lanocha et al. [33] (cancellous bone 43.9 mg/kg and cortical bone 40 mg/kg) and Jurkiewicz et al. [34] (47.6 mg/kg) and much lower in comparison with Darrah [32] (123.35 mg/kg and 108.15 mg/kg, resp.). In this study, the median chromium content in the femoral head and neck was 0.49 mg/kg and 0.83 mg/kg, respectively. The median concentration of Cr was 2 times higher in the femoral head in comparison with Darrah [32] (0.812 mg/kg) and 10-20 times lower in the femoral head and neck in comparison with Brodziak-Dopierała et al. [28] (10.42 mg/kg and 14.99 mg/kg, resp.). The median barium content in the femoral head and neck was 2.05 mg/kg and 2.25 mg/kg, respectively. The median concentration of Ba was slightly lower in comparison with Darrah [32] 3.045 mg/kg and 2.595 mg/kg. The median Mo content in the femoral head and neck was 0.18 mg/kg. The median concentration of molybdenum was 10 times higher in comparison with Darrah [32] (0.013 mg/kg and 0.019 mg/kg, resp.). The mean Ni content in the femoral head and neck was 0.6 mg/kg and 0.79 mg/kg, respectively. The mean concentration of nickel was 10 times lower in comparison to Brodziak-Dopierała et al. [28] in the cancellous and cortical bone (4.56 mg/kg and 6.86 mg/kg, resp.). The mean content of toxic lead in the femoral head and neck was 1.15 mg/kg and 1.08 mg/kg, respectively. The mean concentration of Pb was 6 and 12 times lower in comparison to Brodziak-Dopierała et al. [28] in the cancellous and cortical bone (6.22 mg/kg and 12.27 mg/kg, resp.). The contents of Pb obtained by Lanocha et al. [33] were 2 times lower (0.5 mg/kg).
Factors Influencing Metal Concentrations in Cancellous and Cortical Bone.
It is well known that interactions between elements can cause disequilibrium in their optimal range of concentrations and, consequently, secondary deficiency or toxicity [28] . The results of this study used various statistical tools and specified the influence of different environmental factors on the occurrence and content of 14 elements in the femoral bone. Distributions of macroelement concentrations (Ca, P, Mg, and Na) in the femoral neck had the characteristics of a normal distribution and in the case of femoral head the same type of distribution was observed for Mg and Na, which was confirmed by the Shapiro-Wilk test. We found that, in the femoral neck, macroelement concentrations (Ca, P, and Mg) and two trace element concentrations (Sr, Cr) were significantly higher than those in femoral head ( Table 2 ). The Spearman's rank correlation allowed us to determine the relationships between examined metals in the bones of the patients (Table 3) .
Strong and very strong correlations were found between Ca, P, Mg, Na, and Zn for the femoral head and neck. A moderate correlation was found between two metals, Sr and Ba, and between them and the Ca, P, Mg, Na, and Zn for the femoral head and neck. Other correlations for the femoral head and neck were Fe/Cr, Cu/Ni, and Cu/Zn, those only for the femoral neck were Cu/Fe and Mo/Pb, and only for femoral head were Mo and Cu. Weak correlations were found between Pb and the macroelements Ca, P, Mg, and Na for the femoral neck.
The changes between the femoral head and neck were analysed by PCA chemometric technique. For the 6 important components, the total variance was 79.1% in the femoral neck and 77.4% in the femoral head ( Figure 1 ).
In femoral neck and head, the first component represents the change of the contents of Ca, P, Na, Mg, and Zn. In the femoral head, only the first component indicates the meaning of the Ba. The second factor describes the changes of content of Cu, Ni. In case of Cr, the second component for the femoral head and the third component for the femoral neck concerns the role of element content. In the case of Fe content, the meaning is indicated by the third component in both parts. The meaning of Ba content is indicated by the fifth component in the femoral neck. The fourth and fifth components for the femoral head and the sixth component for the femoral neck concern the role of Pb content.
Sex.
To determine the differences in the content of various elements in the femur samples between women and men, the Mann-Whitney test was used ( Table 4 ). The differences in 4 metal contents in the femoral heads of women were statistically significant ( < 0.05) from those of men. Higher contents of Cu, Ni, Zn, and Pb were found in the femoral heads of men than in women. Brodziak-Dopierała et al. [13, 22] found that the content of Ni and Fe in the femoral head in men was higher than in women. The present study supports these findings. S. Zaichick and V. Zaichick [35] found higher Ca, K, Mg, Na, and Sr mass fractions in female femoral necks compared with male femoral necks, while Budis et al. [18] found that the concentrations of Fe and Sr were similar in men and women. In our study, more correlations were observed for men than for women.
Comparisons between male and female femoral necks showed negative correlations for Cu/Zn, Mo/Pb, and Cu/Mo and positive correlations for Cr/Ni and Cr/Fe. The comparison between the femoral necks of women and men showed positive correlations of Pb to Ca, P, Mg, and Na only for the Table 4 : Concentrations of elements (in mg/kg on dry mass basis) and differences between them in the cancellous and cortical bone of the femur according to sex ( = 96).
Femoral head
Femoral neck AM ± SD AM ± SD Med.
Med men. The greatest divergence of the correlation coefficient in the head of the femur between women and men was observed in the case of Na. All correlations between metals according to the sex in the femoral neck and head are presented in Tables  5 and 6 .
Conducting the PCA showed that the changes between women and men are described by 6 important components, the total variance of which is 79.1% in the femoral neck and 77.4% in the femoral head (Figures 2-3) .
In the femoral neck and head, the first component represents the change of the contents of Ca, P, Na, Mg, and sixth components for women and the third component for men in the femoral head. The comparison with the PCA conducted by Brodziak-Dopierała et al. [27] showed that the first component of their data was represented by the change of the contents of Cr, Ni, Zn, Na, Ca, and Cu, and, in the second order, there are changes of content of Mn, Cd, Pb, and Fe, regardless of gender. It is important to note that only the fifth component concerns the role of Mg content. The present data [27] are contrary to this study in which the first factor described structural elements.
It should be emphasized that the results proved that sex is a major factor that determines the type of interaction of metals with elements of physiological importance [36] . According to the literature, the majority of trace elements are not significantly different between the bones of male and female patients, with the exception of Zn in trabecular tissues and Pb in cortical tissues of men [37, 38] . This statement contradicts our findings, which showed apparent differences in the femoral head for Zn, Pb, Cu, and Ni for both genders. Brodziak-Dopierała et al. [28] found in both men and women statistically significant correlations between the concentrations of Cr-Ni, Cr-Na, Ni-Cd, and Ni-Cu, and in Zn-Na, Ca-Ni, and Cu-Zn correlations were observed only in the male patients. In our study, it was observed that Zn accumulated in femoral neck of men, simultaneously with Pb. Taking into account that Zn may reduce the toxic effects of Pb [32, 39] , the results may indicate a low risk of toxic influence of Pb among men.
Smokers.
Analysis with the Mann-Whitney -test showed a statistically significant difference between smokers and nonsmokers. The concentrations of Ca, Mg, and P in the cancellous bone were significantly lower in smokers than in nonsmokers. Of the trace elements, Zn concentration was lower in smokers (of borderline significance). Pb and Cr were found in higher concentrations in smokers (difference not significant). There were no significant differences in the concentrations of metals in the femoral neck between smokers and nonsmokers (Table 7) .
In several previous studies, the differences in the concentrations of some metals in the femur between smokers and nonsmokers were demonstrated [40, 41] . Only in nonsmokers' femoral necks we did find a significant moderate positive correlation between Pb and Zn Ca, P, Mg, and Na and a negative correlation for Pb/Mo. The femoral neck had a significant high correlation for Cr/Ni in smokers that was absent in nonsmokers. The metals Ca, P, and Mg moderately negatively correlated with Fe in nonsmokers, while smokers' correlation coefficient was close to zero. In nonsmokers, we observed weak negative correlations for Mo/Cu and Ni/K, and, in smokers, we observed correlations for Mo/Cu and Na/Pb (Tables 8-9 ).
Brodziak-Dopierała et al. [28] found correlations between Cr-Cu, Cr-Zn, Cu-Zn, and Cu-Na in smokers that did not occur in nonsmokers. The correlations between Cr-Ni, NiCu, and Ni-Zn were found in both smokers and nonsmokers [28] . Budis et al. [18] found no statistically significant differences in the concentrations of Fe and Sr between the group of smokers and nonsmokers. In smokers, a positive correlation between the levels of Ni and Cr that was not present in nonsmokers was found. Additionally, in smokers, they observed a significantly increased level of Pb in bone tissue [22] .
The changes in the femoral neck between smoking and nonsmoking people are described by 6 important components, the total variance of which is 79.1% (Figure 4) . The first component indicates, as above, the presence of structural elements Ca, P, Na, Mg and Zn in the structure of hydroxyapatite. The meaning of Mo, Cr, Cu and Ni in ion exchange is characterized by the second component, and in nonsmokers also Pb. The Pb, Sr, and K in smokers and the Cu, Ni, and Fe in nonsmokers are represented by the third component.
The changes in the femoral head between smoking and nonsmoking people are described by 6 important components, the total variance of which is 77.6% ( Figure 5 ). The first component indicates, as above, the presence of macroelements Ca, P, Na, Mg, and Zn in the structure of hydroxyapatite. The meaning of Cr and Ni in ion exchange is represented by the second component; it also includes Cu, in nonsmokers and Mo and Pb in smokers.
Contact with Chemicals.
To find the differences in the content of elements in the femur between patients with or without chemical contact, the Mann-Whitney test was used (Table 10 ). The concentration of Ni in the femoral head was significantly higher in subjects with exposure to environmental chemicals in comparison to those who had no contact with metals in the environment.
The relations between the examined metals in the bones of the patients were based on Spearman's rank correlation (Tables 11-12 ). A negative correlation was found between Ca and Pb for the femoral neck in patients having contact with chemicals and a positive correlation in patients having no contact with chemicals; only a positive correlation was found for the femoral head in patients having contact with chemicals.
The differences in metal physiology in the femoral head and neck between people with and without chemical contact were described by PCA analysis (Figures 6 and 7) . The first component indicates the presence of Ca, P, Na, Mg, and Zn. The meaning of Cr, Cu, and Ni content in ion exchange is characterized by the second component, and, in people with chemical contact, also Pb, K, and Na. The Pb and Fe in non-chemical-contact patients and Mo, Cr, Fe, and K in patients with chemical contact are represented by the third component.
Alcohol.
Analysis with the Mann-Whitney -test showed significant differences between alcohol drinkers and abstainers. Patients who consume alcohol had significantly higher mean Cu content compared to abstainers in both femoral heads and necks.
It should be emphasized that these results have not been previously identified by other researchers. Also the concentrations of Ni and Pb were significantly higher in the femoral heads of drinkers compared to abstainers (Table 13 ). Exposure to Pb or/and ethanol decreased bone formation and increased its resorption, resulting in the bone demineralization. These effects were accompanied by destroying the hormonal regulation of mineral metabolism and Ca and P imbalance [42] . The mechanism underlying ethanolassociated osteopenia seems to be a direct effect of alcohol on bone cells and an indirect or modulating effect through mineral regulating hormones such as vitamin D metabolites, parathyroid hormone, and calcitonin. The modulating effects of these hormones on bone and mineral metabolism are observed in acute and chronic alcohol consumption [43] .
The correlations for metals in femoral necks and heads are described by the Spearman's rank correlation (Tables  14 and 15 ). In the femoral neck, we observed a statistically significant negative correlation between Fe and age and the concentration of metals Ca, P, and Mg in abstainers. The deposition of Pb with age was demonstrated in abstainers, but no correlation was observed in drinkers. In the femoral head, we observed a positive correlation between Mo/Fe in people who consume alcohol and negative one between Mo/Cu in abstainers. The drinkers had a significantly negative correlation for Ni/Zn and positive one for Ni/Cu. In both groups, Cr Table 10 : Concentrations of elements (in mg/kg on dry mass basis) and differences between them in the cancellous and cortical bone of the femur according to contact with chemicals ( = 96).
Contact
Femoral head
Med significantly correlated positively with Cu, and in people who drink alcohol it correlated negatively with Pb. Iron positively correlated with age in abstainers. The heads of the femur showed a statistically significant negative correlation between Cu and Ni and the concentration of metals (Ca, P, Mg, and Zn) in people who drink little or average amounts, while abstainers showed no such correlation.
The changes in the femoral head between drinkers and abstainers are described by 6 important components, the total variance of which is 77.6% (Figure 8 ). The first component indicates, as above, the presence of macroelements Ca, P, Na, Mg and Zn in the structure of hydroxyapatite and, in abstainers, Sr, Ba and Na. The Cu, Cr, and Ni are characterized by the second component and these metals are opposite in drinkers and abstainers. The Pb in drinkers is represented by the third component.
The changes in femoral neck between drinkers and abstainers are described by 6 important components, the total variance of which is 79.1% (Figure 9 ). The first component indicates, as above, the presence of Ca, P, Na, Mg, and Zn. Additionally, the first component indicates the content of Pb only in alcohol drinkers. Cu and Ni were characterized by the 
Residence-Related Differences.
The analysis with the Mann-Whitney -test showed no statistically significant differences in the concentrations of the examined metals in the cortical and cancellous bone between patients living in villages and those living in cities (Table 16) .
Previous studies described the existence of heavy metals in several regions of Poland. Jurkiewicz et al. [34] evaluated the similar content of Ca, P, Mg, P, Fe, Zn, Cu, Pb, Cd, As, and Ag in femoral heads of inhabitants of southern Poland (Silesia, Cracow) and middle Poland (Łódź). Specimens from different regions differed in Pb and Cd content, illustrating the differences in environmental pollution exposure [26] . Budis et al. [18] found no statistically significant residencerelated differences in the concentrations of Sr, Mn, or Fe.
3.1.6. Age. To determine the differences in the content of various elements in the femur samples in different age groups, the Kruskal-Wallis test was used. A marked tendency to Table 16 : Concentrations of elements (in mg/kg on dry mass basis) and differences between them in the cancellous and cortical bone of the femur in according place of residence ( = 96).
Femoral head
Med decrease the concentration of structural elements with age has been shown by a statistical significance for femoral head Ca, P, and Mg. We also found significant reductions in the concentration of Sr with age in the femoral neck. A statistically significant tendency for the Ca, Mg, and P content to decrease with age was found in the human rib bone, regardless of gender (Table 17 ). The mass fraction of Fe in the male rib bone increases with age. Higher Ca, Mg, Na, P, and Sr mass fractions and lower Fe content were typical of female ribs compared to male ribs [6, 44] . Previous research indicates that trace metal concentrations of Zn and Sr decrease with age [45] . Conversely, only Pb is shown to increase with age, which was previously attributed to higher Pb exposure in the past. Alternatively, the higher Pb concentrations may indicate additional exposure over time that exceeds endogenous release during bone remodeling, that is, an accumulation of Pb [32] .
Conclusions
The standard deviations obtained for all trace elements are, respectively, large. This finding is attributable to the wide individual variation of trace element mass fractions in the human femoral bone affected by osteoarthritis. The factors that most affect the content and interactions of the elements in the femoral head and neck are smoking (increased content of chromium and nickel in smokers), alcohol consumption (higher concentration of nickel and copper in people consuming alcohol), and gender (higher concentrations of nickel, copper, and zinc in men). We confirmed significant differences in the content of metals between cancellous and cortical bone. The factors contributing to the toxic accumulation of lead in bone tissue are smoking, consumption of alcohol, male gender, and age. The concentrations of calcium, phosphorus, magnesium, and strontium decrease with age and the concentration of lead increases with age. Loss of elements, calcium, phosphorus, magnesium, zinc, sodium, and strontium from the femoral neck, progresses with age and is more common in city dwellers and those who are physically inactive. Radiological and clinical factors (pain, BMI, and cortical index) do not correlate significantly with the contents of the elements in the femur.
Highlights
(i) We found a significantly higher content of Cu, Ni, and Pb in drinkers. (ii) In the femoral neck, Cr strongly positively correlated with Ni in smokers. (iii) We determined that cigarette smoking, alcohol consumption, and gender were the most influential factors. (iv) We observed much higher concentrations of Zn, Cu, Ni, and Pb in the femoral head in men. (v) We identified a higher Ni content in people who had contact with chemicals.
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